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FOCUS 
Specific functions of native peptides and proteins are due to the structure adopted by them 
in a definite three-dimensional space. Understanding the functions of peptides and proteins 
requires knowledge about their structure at the molecular level. For the past two decades, there 
has been immense interest to get insight into the biomolecular folding mechanism by using 
unnatural peptides that adopt well-defined folding patterns, akin to natural proteins, called 
‘foldamers’. The folding propensities are found to be specific to the unnatural amino acid 
building block along the backbone. Furthermore, the present thesis highlights that the 
conventional NMR parameters: NOEs and 3JHH alone cannot accurately determine the 
secondary structures of hybrid peptides and CH/NH RDCs as long range constraints are 
essential for accurate structure determination / verification / refinement. 
 The present thesis entitled “Conformational Studies of Hybrid Peptidic Foldamers 
Based on Sugar Amino Acid Building Blocks By NMR Spectroscopy” has been divided into 
five chapters and the contents of each chapter are as described below. 
 
CHAPTER I 
INTRODUCTION 
Chapter-I describes the general introduction of nuclear magnetic resonance (NMR) 
spectroscopy employed in this thesis and also on overview of various types of secondary 
structural features like α-helices, 310-helices and pi-helices of natural α- peptides. It consists a 
brief discussion on secondary structures observed in β-peptides and their relevance in 
peptidomimetics. Further, the details of the NMR structural parameters such as chemical shifts, 
scalar couplings, noe and H-bonding parameters that can be used in the structure elucidation of 
peptides, are presented in brief. In addition, an introduction to the molecular dynamics (MD) 
simulation and Circular dichroism (CD) spectroscopy has also been given. 
 
 
 
 
 
 
- ii -  Synopsis 
CHAPTER II 
Structural Studies of Peptides Containing cis-β-Furanoid Sugar Aminoxy Acid 
This chapter deals with short oligopeptides based on a new class of building block cis-β2,3-
furanoid sugar aminoxy acid (cis-β2,3-FSAOA), which exhibit ribbon-like secondary structures 
that are unprecedented in β-aminoxy peptides. The work focuses on the residue based 
conformational control in deriving diverse secondary structural scaffolds. Thus the following 
peptide sequences (Scheme 1) have been investigated by extensive NMR, Circular Dichroism 
(CD), Infrared Spectroscopy (IR) and Molecular Dynamics (MD) studies.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NMR studies of 1–6 were carried out in CDCl3. However, for 5 and 6 detailed structural 
examination was not possible due to the presence of rotamers. Amide proton chemical shifts 
and solvent titration studies as well as the presence of noe connectivities supports that these 
oligomers adopts 5/7 bifurcated H-bonds in 2-4 and a 5-membered H-bond in 1. 
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Scheme 1: Schematic representation of peptides 1-6. 
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The complete resonance assignments were accomplished by using a combination of 1D and 
2D gDQF-COSY, TOCSY and ROESY data. Explicit ROESY analysis could yield the 
preferred local backbone conformation and the possible hydrogen bonding modes it can favor. 
The presence of characteristic intra-residue NOEs: NHi−CβHi (strong), NHi−CαHi (medium) 
and NHi−CγHi (medium), and inter-residue NOEs: NHi-CδHi-1 (medium), NHi−CαHi-1 
(medium) and NHi−CβHi-1 (medium) (Figure 1) rules out helical turns or random coil, and can 
be assigned to a predominantly strand or ribbon-like secondary structure. This spatial 
arrangement implicates the aminoxy-NHs to participate in a three-centre bifurcated hydrogen 
bonding comprised of intra-residue (NHi−C=Oi) 7-hb and inter-residue (NHi−Furan-Oi-1) 5-hb, 
while the terminal NHa can only involve in two-centre 5-hb, which are consistent with the DFT 
calculations. 
 
 
 
 
 
 
 
 
 
 
 
 
In summary, the DFT, NMR and MD studies highlight that the combination of geometry 
around β2,3 positions on the sugar ring-constrained back bone and rigid N-O conformation, 
exerts significant control of the folding preferences in the compounds studied. The results 
showed that the peptidic backbone accesses unusual ribbon-like secondary structure favoring 
5/7 bifurcated intra-molecular hydrogen bonded rings, in contrast to the 9-helical turns in five 
and six membered trans-cyclo alkane constrained β-aminoxy acid oligomers. Our preliminary 
molecular mechanics calculations on a simulated tetramer also showed an increased 
population of such ribbon conformation.  The striking feature revealed from these findings is 
a) b) 
Figure 1: Superposition of 15 lower energy structures obtained in MD 
calculations for peptide I.2 and I.3 respectively. 
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that despite the presence of 14-helix nucleating furanoid sugar ring as a backbone constraint, 
the cis-β2,3-FSAOA oligomers do not support the formation of either 9- or 14-helical folds. But 
preferentially adopt ribbon-like structures. These findings offer scope for generating diverse 
rigid scaffolds with residue based conformational control of the folding propensities. 
 
This work has been published in J. Org. Chem., 73, 9443–9446 (2008) 
 
CHAPTER III 
Conformational Studies of 3,4-di-O-acylated furanoid sugar amino acid-containing 
analogs of the receptor binding inhibitor of vasoactive intestinal peptide 
Because of their importance in protein structure, there has been considerable interest in 
designing β-turns and β-turn mimetics that may improve biological activity or enhance 
bioavailability. 
The present study deals with the detailed conformational analysis of the di-O-caprylated 
analog 3 (Scheme 2) by various NMR techniques and constrained molecular dynamics (MD) 
simulation studies that established a well-defined β-turn structure in DMSO-d6, with an intra-
molecular hydrogen bond between TyrNH → MetCO. 
Peptide 3 (Boc-Met-Gaa-Tyr-Leu-OMe) was completely characterized by 1D and 
Homonuclear 1H-1H 2D experiments, gDQCOSY, TOCSY, and ROESY. The linear 
dependence of amide NH chemical shifts as a function of temperature suggests no major 
conformational rearrangements (Figure 2). The Tyr amide proton chemical shift value of –4.88 
ppb/K indicating its participation in an intra-molecular H-Bonding, the other amide protons are 
having large magnitudes indicates that these amide protons are not involved in intra-molecular 
hydrogen bonding. 
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The 3JNH-CαH values were large (> 8 Hz) for Leu and Gaa indicating that the values of φ for 
these residues were in the vicinity of −137°. The values of J2,3 = 4.6,  J3,4 = 1.4 and J4,5 = 6.7 
Hz in Gaa and the ROESY cross peak between GaaC2H↔C5H support an envelope (C2-exo or 
C3-endo) conformer for the sugar ring. These results further supported by MD studies (Figure 
4) and the observed ROE cross-peaks between, TyrNH↔GaaC2H, GaaNH↔GaaC5H, 
GaaNH↔GaaC4H and TyrPhe↔MetCαH (Figure 3).  
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Figure 3: a) Schematic representation of peptide 3(double headed arrow indicates 
observed NOEs). b) ROESY expansion spectrum of peptide 1. 
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These studies show that the acylation of the ring hydroxyls in the sugar ring did not alter 
the overall structure of the sugar amino acid-containing peptide 3 and the side-chain acylated 
compound retained the β-turn conformation involving an intramolecular hydrogen bond 
between TyrNH → MetCO. 
This work has been published in Tetrahedron. Letters. 73, 9443–9446 (2007) 
CHAPTER IV 
Design, Synthesis, NMR Spectroscopic Characterization of Novel Hybrid Peptidic 
Foldamers and Application of RDCs as Anisotropic NMR Parameters for Precise 
Structure determination 
This chapter has been divided into four sections as described below. 
SECTION A 
Introduction to α / β Hybrid Peptides 
Majority of the earlier foldamer designs in the mid 90s to early 2000s, have been devoted to 
derive new templates with homogeneous (either α- or β-amino acids) backbones to gain 
knowledge about biolmolecular folding mechanism. Subsequently foldamers with 
heterogeneous backbone comprised of natural-α and unnatural, mostly, β-amino acids have 
become the subject of intense investigations by several groups. The study of heterogeneous 
backbone (α- and β-amino acids) foldamers has several advantages over homogeneous 
backbone counterparts, including access to many new molecular shapes based on variations in 
Figure 4: Stereoview of the 11 backbone-superimposed energy-minimized structures. For 
the sake of clarity in viewing, only the backbones are shown here omitting the amino acid 
side chains and fatty acid chains. 
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the stoichiometries (1:1, 1:2 and 2:1 ratio of α- and β-amino acids) and patterns of the subunit 
combinations (e.g. α-β-, β-α-, α-α-β-, α-β-α-, β-α-α-, α-β-β-, β-α-β-, β-β-α-). In such 
heterogeneous structures, cyclic constraints within the β-amino acid residues provide 
conformational stability and the natural amino acids impart proteinogenic surface.  
Furthermore, based on the choice of β-amino acid monomers, the backbone folding can be 
regulated, which brings out modulations in the spatial arrangements and relative positions of 
the functional L-amino acid side-chains, a feature essential for biological activities and specific 
molecular recognitions. 
SECTION B 
Synthesis of 2:1 β/α - Hybrid peptides using cis-β-FSAA, β-Ala, and L-Ala as Building 
Blocks 
In the light of the above findings (From Chapter IVA) including those from our research 
group (i.e., homo-cis-β-FSAA, hetero-cis-β-FSAA with β-Ala motif, 1:1 (α/β and β/α)-
peptides consists cis-β-FSAA & L-Ala and cis-β2,3-FSAOA. It would be logical and interesting 
to explore 2:1 β/α (ββα) peptides. Our preliminary molecular modeling calculations on 
designed peptides (19, 24, 29, and 30) have suggested a propensity of 13-helical fold which 
have same number of atoms (13-atoms) involved in hydrogen bonding similar to that of α-
helical turn. With these inputs, 2:1 β/α oligomers up to hexapeptide-30 have been synthesized 
and characterized. 
The synthesis of cis-β-FSAA is fast and straightforward and starts from cheap, 
commercially available D-Glucose. The diol groups are protected by acetonide using H2SO4 in 
acetone 1. Inversion of configuration at C-3 position in glucose di-acetonide 1 was carried out 
by oxidation (PDC/CH2Cl2) followed by reduction using NaBH4/MeOH. The inverted alcohol 2 
was converted into its tosylate 3 using TsCl/Py. Tosylate was brought to reaction with NaN3 at 
135 oC in DMF for 6 h to yield the azide 4. The exocyclic hydroxilic groups of azide 4 are 
quantitatively and selectively deprotected to diol 5 using 0.8% H2SO4 in methanol. 
Subsequently, the diol 5 is oxidatively cleaved using NaIO4 6, followed by NaClO2, NaH2PO4, 
H2O2 oxidation to yield azido acid 7. The azido acid 7 was converted to methyl ester 8 using 
ethereal diazomethane followed by reduction with 10% Pd-C 9 and di-ter-butyl dicarbonate 
gave sugar monomer (S) 10 (Scheme 3). 
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L-Alanine 11 treated with AcCl in MeOH furnished the methyl ester 12 and the amine 
functionality was protected as Boc-derivative [Boc-(L-Ala)-OCH3] 13 using (Boc)2O and Et3N 
in THF (Scheme 4). 
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Scheme 3: The overall synthetic scheme for the cis-β-FSAA monomer. 
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The N-terminal Boc-(L-Ala)-OCH3 13 was deprotected with TFA in dry CH2Cl2 to afford 
amine salt 14, which was used as it is for the next reaction. Azido sugar monomer free acid 7 
and 14 were subjected to coupling under standard reaction conditions in presence of HOBt and 
EDCI as coupling agents and DIPEA as base in dry CH2Cl2 as solvent to result azidodipeptide 
15. This azide was reduced, followed by protection with Boc anhydride, gave dipeptide 17. 
 
 
 
 
 
 
 
 
 
 
 
Coupling of 7 and 16 in presence of HOBt / EDCI in dry CH2Cl2 gave azido tripeptide 17. This 
azide was reduced, followed by protection with Boc anhydride, gave tripeptide 19. 
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β-Ala 20 N-terminal was protected with Boc using 5% aqueous NaOH and di-ter-
butyldicarbonate to afford Boc-protected β-Ala acid 21 (Scheme IVB.8), which was used 
directly for the coupling reaction. 
 
 
 
 
Dipeptide 22 was achieved by the coupling of Boc-protected β-Ala acid 21 and monomer free 
amine ester 9 using standard coupling reagents. 
 
 
 
 
 
 
 
 
Coupling of dipeptide acid 23 and monomer amine 14 (neutralized by DIPEA) in the presence 
of EDCI/HOBt in dry CH2Cl2 gave tripeptide 24. 
 
 
 
 
 
 
The C-terminal Boc-(L-Ala)-OCH3 13 was deprotected with LiOH in THF:H2O (8:2) to afford 
acid 26, which was used as it is for the next reaction. Coupling between 26 and free amine of 
sugar monomer 9 were subjected to coupling under standard reaction conditions in presence of 
HOBt and EDCI in dry CH2Cl2 to result dipeptide 27. 
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For the synthesis of tetrapeptide [Boc-(β-Ala-FSAA-(L-Ala)-FSAA)-OCH3] 29, the N-terminal 
dipeptide 27 was deprotected with TFA in dry CH2Cl2 to afford amine salt 28, which was used 
as it is for the next reaction. Coupling of free acid of dipeptide 25 and 28 in presence of HOBt / 
EDCI / DIPEA in dry CH2Cl2 gave tetrapeptide 29. 
 
 
 
 
 
 
The synthesis of hexapeptide 30 was achieved on coupling of tripeptide acid 25 with tripeptide 
amine 18 under the conventional peptide coupling (HOBt / EDCI / DIPEA) reaction conditions. 
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In conclusion, new class of distinctively folded hetero oligomers (19, 24, 29, and 30) were 
synthesized by combining a natural β-amino acid 20 (β-Alanine), α-amino acid (L-Alanine monomer) 
13 and unnatural β-amino acid 10 (cis-β-FSAA) residues in a sequentially alternating pattern and 
characterized by CD, IR, NMR, DFT and Molecular Dynamics studies (Chapter IV Section-C), 
which displayed well-defined helical structures characterized by series of 13-membered 
hydrogen bonded rings (13-Helix). 
Manuscript Under Preparation 
SECTION C 
Conformational Analysis of 2:1 β/α - Hybrid peptides Containing cis-β-FSAA, β-Ala, and 
L-Ala as Building Blocks 
Detailed NMR structural studies of 1–4 (Scheme 13) were carried out in CDCl3 as well as 
in CD3OH. The results showed these peptide oligomers predominantly stabilized by right-
handed 13-helical hydrogen bonded networks (i→i+3 C=O· · ·H-N hydrogen bonds) and are 
further supported by DFT studies, NH-ND exchange studies, FT-IR & CD spectroscopy and 
restrained MD studies. 
The complete resonance assignments were accomplished by using a combination of 1D and 
2D gDQF-COSY, TOCSY and ROESY data. The 1H NMR spectrum of all peptides (1-4) in 
CDCl3 showed wide dispersion in chemical shift (δ) of amide as well as CβH protons, 
consistent with the presence of secondary structure. The solvent (DMSO) titration over 250 
micro liters yielded ∆δ < 0.6 ppm for all the amide protons, suggesting their particpation in 
hydrogen bonding.  For the FSAA residue, 3JNH-CβH ~ 8.2 Hz, suggest that the NH and the CβH 
protons are anti-periplanar, with dihedral angle C(O)-Cα-Cβ-N (θsugar) ~ -42°. The 
characteristic medium range noe connectivities, NHi (β)/CβHi+3 (β), NHi (α)/CβHi+3 (β), weak 
noe connectivities between CαHi (α)/CβHi+3 (β), CαHi (β)/CβHi+3 (β) in all these peptides (1-4) 
along with a pitch of about ~ 5.1 Å suggesting the predominance of a single 13-helical 
conformation (i.e., NH(i)-CO(i+3) starting from Boc-NH) and conveniently rules out the other 
possible conformations (10/9 helices, 10/13 & 9/13 helices). The stability of the structures has 
been confirmed through Deuterium exchange studies in the presence of CD3OD. 
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Restrained MD calculations also conclusively confirmed the presence of 13-helical 
conformation in these peptides 1-4 (Figure 5). The CD spectra of 1-4 are recorded in CH3OH 
solution. The molar ellipticities (θ) have been normalized and the data has been presented as 
deg.cm2.dmol-1 per residue. The peak values with maximum intensity observed for peptides 1 
and 2 are at 198 nm and for peptides 3 and 4 are at 202 nm. From the CD spectra (Figure 6), it 
is clear that these peptides exhibit same helicity, however for peptide-3, the intensity is reduced 
to half, compared to the normal expected value. It could be reasonable to explain this behavior 
that one of the NH (2nd NH) is participated in weak hydrogen bonding as it is evidenced from 
2D NMR, and NH-ND exchange studies. The increased molecular ellipticity from 1-4 is a clear 
indication of the propagation and stabilization of the helix along the increased chain-length. 
NH group hydrogen-bonded to amide carbonyls (Amide N-H⋅⋅⋅O=C Amide) typically gives 
rise to bands ≤ 3200 cm-1. In general, hydrogen bonding lowers the wave number of absorption. 
The observed bands in the region 3350-3250 cm-1 are attributed to non H-Bonded NH and the 
Scheme 13: Schematic representation of peptides (a-d) for 1-4 respectively.  
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bands in the region 3250-3200 cm-1 to H-Bonded NH (Amide N-H⋅⋅⋅O=C Amide). Similarly, 
the bands in the region 1630-1690 cm-1 have been assigned to H-bonded carbonyls. Further, the 
occurrence of the N-H…O=C (ester) band at ~3400 cm-1 is consistent with the weaker 
hydrogen-bond acceptor properties of the ester carbonyl relative to the amide carbonyl (Figure 
7).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a) b) 
c) 
d) 
Figure 5: Superposition of 15 lower energy structures obtained in MD calculations for 
peptide 1(a), 2(b), 3(c) and 4(d) respectively. 
Figure 6: CD spectra of peptides 1-4 in methanol. 
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In conclusion, we report a novel unprecedented 2:1 cis-β-FSAA, β-Ala and L-Ala (β/α) 
type heterogeneous backbone foldamers, which are populated with periodic i→i+3 N-H⋅⋅⋅O=C 
hydrogen bonded rings. Based on the observed NOEs, the possibility of 10- and 9- helical 
conformations in rapid equilibrium with the seemingly more populated 13-helix cannot be ruled 
out. Such ambiguities could be resolved earlier only in solid state structures by using X-ray 
a
) 
b
) 
d
) 
c
) 
e
) 
f) 
h
) 
g
) 
Figure 7: IR spectra of peptide-1 ((a) & (b)), peptide-2 ((c) & (d)), peptide-3 ((e) & (f)), 
and peptide-4 ((g) & (h)), corresponds to NH & CO expanded regions respectively. 
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crystallography of some selected 1:1 and 2:1 α/β hybrid peptides. Very recently, Udaya Kiran 
et.al (our research group) has shown that such accurate structures can be determined by using 
Residual Dipolar Couplings (RDCs) as angular restraints in addition to the conventional NOEs, 
which can be observed only by orienting the peptide in a weak alignment media. These studies 
have revealed the superiority of RDCs over the conventional NOEs in structure verification as 
well as refinement. The Section–D of this chapter has been devoted to the RDC-enhanced 
NMR spectroscopy and its application to the refinement and accurate structural determination 
of peptide-4 aligned in a PDMS gel.         Manuscript Under Preparation 
SECTION D 
RDC-enhanced NMR Spectroscopy for precise Structural detrmination of 2:1 β/α - 
Hybrid peptides Containing cis-β-FSAA, β-Ala, and L-Ala as Building Blocks 
Precise solution state structural characterization of the foldamer is very important for 
subsequent design and development. As described in the previous chapters / sections, 
homogeneous backbone foldamers (with similar amino acid as building block), exhibit higher 
propensity for a single type of folding, as reveled by NMR and X-ray studies. On the other 
hand, heterogeneous backbone structures (contain more than one type of amino acids), 
particularly 1:1 and 2:1 β/α oligomers have exhibited NOEs that cannot account for only one 
type of helical folding, whereas their solid-state structures have revealed predominantly one 
type of helical folding. These observations allowed the investigators to attribute to rapid inter-
conversion between more than on type of helical folding say, 11-helial and 14/15-helical folds, 
on the time-scales of NMR. However, subsequently these NMR studies on these complex 
foldamers had to be verified / revalidated by using X-ray diffraction studies, which have shown 
single type of helical folding in short oligomers, an analogous to length dependent 310 Vs α-
helical preferences. Therefore; there is a significant need to enhance the accuracies of structural 
information obtained from conventional NMR spectroscopy. 
The present section focuses on the refinement of the structural information and to enhance 
the accuracies obtained from conventional NMR spectroscopy (NOE based analysis), thereby 
to achieve precise solution state structural characterization of the 2:1 β/α hybrid peptides that 
were analyzed in the Section-IVC. Herein RDC-enhanced NMR spectroscopy has been 
employed to accomplish thus task. The higher oligomer, peptide-4 has been chosen for this 
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study because of superior solubility in CDCl3, availability of the number of distinct NOEs and 
3JHH couplings. 
PALES (Prediction of ALignmEnt from Structure) program is used for RDC based 
structural analysis. RDC-enhanced structure refinement is carried out for hexamer 4 with the 
program XPLOR-NIH using the susceptibility anisotropy (sani) potential.   
 
 
 
 
 
 
 
 
 
The result of the analysis have clearly established that the ROEs alone cannot determine the 
accurate structure of these hybrid peptidic foldamers and the analysis needs the angular 
restraints, one-bond C-H/N-H RDCs, for precise structural determination and validation. The 
striking feature that has been revealed from the close examination of the RDC-enhanced 
structures (Figure 8) of these oligomers predominantly adopts a single right-handed 13-helical 
conformation.  Based on the observed H-bond distances, the possibilities of 10-helical and 
10/9-helical folds are almost negligible. The data indicate that the oligomers under study (1-4) 
are closely comparable to that of natural α-helix and that of reported by Gellman et.al for 2:1 
β/α hybrid peptides . The only major difference between natural α-helix and these 2:1 β/α 
hybrid peptides is, the orientation of H-bonding groups relative to helix axis, which is C→N 
terminal in case of natural α-helix and N→C terminal in case of 2:1 β/α hybrid peptides. 
In conclusion, the RDC-enhanced spectroscopic studies of 2:1 β / α hybrid peptides could 
resolve the structural ambiguities in the ROE based structures and serve as complimentary tool 
to the X-ray technique. Furthermore, the technique stands advantageous, particularly when the 
samples cannot be crystallized and yet provides dynamically averaged conformation as in 
physiological conditions.            Manuscript Under Preparation 
 
Figure 8: Overlay of side-view of 4 
for the (ROE+RDC) structure 
measured in PDMS/CDCl3 and the 
ROE based structure in CDCl3. H-
bonding shown in dotted lines. 
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CHAPTER V 
RDC-enhanced NMR Spectroscopy for precise Structural determination of 1:1 α/β - 
Hybrid peptides 
1:1 α/β peptidic oligomers are known to exhibit 11 and 14/15-helical folds in solution 
state, which are analogous to natural 310 and α-helix (13-helix), respectively in biomolecules. 
Gellman and co-workers have shown from X-ray crystallographic studies that in the short 
oligomers (below 8 residues) 11-helix will be a preferential conformation whereas 14/15-helix 
stabilizes at higher oligomers. In fact, 1:1 α/β oligomers based on FSAA studied in our 
laboratory by Jagadeesh et.al have also revealed the possibility of 11 and 14/15-helices in 
octamer. However, the determination of predominant conformation (between the possible 11 
and 14/15 helical folds) in FSAA based 1:1 α/β peptides are not possible by simply based on 
ROEs. Furthermore, these peptides could not have been crystallized for high-resolution X-ray 
crystallographic studies to determine the conformation in solid state. Nevertheless, the solid-
state structural information cannot always be extended to the solution state. Hence, the 
determination of the preferred or predominant conformation in solution state for these peptides 
thus demands the use of more qualitative structural restraints than NOEs and 3JHH coupling 
constants. Recent communication from this laboratory has shown the immense need of 
anisotropic NMR-parameters (RDCs) as an independent source for structure validation in 
solution and also as restraints for precise structure calculations, which have not been applied to 
1:1 hybrid peptides so far. The present chapter aims in this direction and discusses the RDC-
enhanced structural determination of short ologomers of 1:1 FSAA based peptides. 
Hence, the present chapter focuses on the validation / refinement of ROE based structures 
of the following 1:1 α/β-hybrid peptides (Figure 9) by using RDC-enhanced NMR 
spectroscopy and to determine the precise conformation they can adopt. 
1. Boc-(L-Ala)-cis-β-FSAA-(L-Ala)-cis-β-FSAA-OMe. 
2. Boc-(L-Ala)-cis-β-FSAA-(L-Ala)-cis-β-FSAA-(L-Ala)-cis-β-FSAA-(L-Ala)-cis-β-FSAA-
OMe. 
3. Boc-cis-β-FSAA-(L-Ala)-cis-β-FSAA-(L-Ala)-OMe. 
4. Boc-cis-β-FSAA-(L-Ala)-cis-β-FSAA-(L-Ala)-cis-β-FSAA-(L-Ala)-cis-β-FSAA-(L-Ala)-
OMe. 
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Figure 9: Schematic view of 1:1 α/β (1,2) and β/α (3,4) hybrid peptides.  The 
reported ROE based hydrogen bonding is shown in dotted curves. 
O
N
H
O
O
O
N
H
O O O
N
H
O
O
O
OMeN
H
O
O
11
14
11
11
14
11
O
N
H
O
O
O
N
H
O O O
N
H
O
O
O
OMeN
H
O
N
H
O
O
O
N
H
O O O
N
H
O
O
O
N
H
O
O
11
1414
11
1111
O
N
H
O
N
H
O
O
O
N
H
O
O
O O
N
H
O
O
O
OMe
15
11 11
15
11 11
O
N
H
O
N
H
O
O
O
N
H
O O
N
H
O
O
O
OMe
O
N
H
O
N
H
O
O
O
N
H
O
O
O O
N
H
O
O
O
15
11 11
15
1111
2) 
1) 
3) 
4) 
- xx -  Synopsis 
ROESY based solution state structures of 1-4 in both CDCl3 and DMSO-d6 supported 
the helical folds with intra-molecular 11- (NHi-COi-3) & a possible 14/15-(NHi-COi-4) 
membered hydrogen bonded helical conformation in the solvents studied. 
Tetramer-1 has been studied in two different alignment media (PDMS/CDCl3 and 
PVAC/DMSO-d6) and RDC-enhanced studies are carried out as similar to as discussed in 
chapter IVD. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Comparison of ROE-derived and RDC-enhanced structures in CDCl3 (Figure 9) and 
DMSO-d6 (Figure 10) clearly indicate that tetramer-1 adopts only an 11-membered helical turn 
and ruled out the possibility of 14-helical turn for fourth NH, which is proposed for ROE-
derived structure based on supporting NOEs. 
However, analysis of α/β octamer-2 & β/α octamer-4 are not fruitful because of poor 
solubility in CDCl3 and acquired ROESY spectra contain ambiguous ROEs due to their close 
Figure 10: Overlay of side-view of 1 for the 
(ROE+RDC) structure measured in PDMS/CDCl3 and 
the ROE based structure in CDCl3. H-bonding shown 
in dotted lines. 
Figure 11: Overlay of side-view of 1 for the 
(ROE+RDC) structure obtained in PVAC/DMSO-
d6 gel and the ROE based structure in DMSO-d6.  
H-bonding is shown in dotted lines. 
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chemical shift resonances. On the other hand, as the two octamers (2 and 4) have not diffused 
into PVAC/DMSO-d6 gel media, the studies could not be carried out in this alignmet medium. 
In summary, the application of precise structural analysis based on RDC-enhanced NMR 
spectroscopy to α/β tetramer-1 in organic solvent media clearly demonstrate that this unnatural 
peptide oligomer adopts a secondary structure in solution which is stabilized only by 
intramolecularly hydrogen bonded 11-helical turns and ruled out the possibility of ROE based 
14-helical turn. This study reveals the enormous need of anisotropic NMR-parameters as a 
source for structure validation in solution and also as restraints for accurate structure 
calculations.               Manuscript Under Preparation 
 
Part of this work (ROE-based analysis) has been published in Chem. Comm. 2007, 371-373. 
 
 
 
 
 
 
 
 
 
 
